In recent years, the speed of a train has been recognized as one of the important factors to determine the competitiveness as a mean of transportation. In line with this, infrastructure improvements and enhancements are being made with increases in the speed of train. Accordingly, there is a need to establish plans for infrastructure improvements through a comprehensive analysis of signals, track/civil engineering, catenary and environment, etc. to improve the speed of a train of high-speed train service sections in Korea. This study proposes improvement plans for catenary systems by investigating the possibility of improvements through performance analysis of catenary equipment by speed increase based on the analysis on catenary systems in Gyeongbu high-speed line, and analysis the applicability of catenary improvements and economic feasibility.
Introduction

Research background
The speed of a train has recently been recognized as the important factors to determine the competitiveness as a mean of transportation. In particular, the top speed not only has a symbolic meaning that forms the image of transport, but also boosts the self-esteem of people and contribute to the improvement of national competitiveness by showing the technical level of transportation at home and abroad.
Railway is composed of various systems and technologies, so it is required to develop the infrastructure when the speed of a train is up. In japan, a developed country of the train, infrastructure improvements have already been made, along with increase in the speed of the train. Therefore, it is required to establish plans for infrastructure improvements through a comprehensive analysis to improve the speed of trains of high-speed train service sections in Korea.
In particular, it is necessary to determine whether the system can be applied in each field through interface between infrastructures for review of speed increase, and must analysis the improvement of schedule speed based on TPS(Train Performance Simulation) through comprehensive application of the system between each field. Therefore, since analyzing the improvement of schedule speed on catenary field individually raises the question of equity, the analysis of schedule speed improvement on the plans for catenary system improvement was excluded.
In this regard, this study propose improvement plans of catenary systems through performance analysis of existing catenary equipment by speed increase in Gyeongbu high-speed line and analyzed the applicability of catenary improvements and economic feasibility .
Current status of catenary systems
Since the speed improvement of high-speed line is one of the policy directions promoted at home and abroad, this study investigated the improvement plans of the current catenary system by speed increase in Gyeongbu high-speed line. Especially, it is performed in high-speed track sections in Gyeongbu line as shown in Table 2 .
Catenary System Improvement Plans and Economic Analysis
review directions
In this study, the maximum operation speed of Gyeonbu high-speed line section was examined first, and then the increase in tension due to the catenary wave propagation velocity and life of catenary was investigated. Lastly, improvement plans for catenary equipment was established in terms of economic efficiency and maintainability.
review on the maximum operation speed of high-speed line
According to the government's basic plans, the design speed of Gyeongbu high-speed line is 350 km/h, and the maximum operation speed is 300 km/h as shown in Table 2 .
However, discrepancies of the basic plans were found, and problems of the interpretation of terms were raised by the technical review committee for selecting catenary system of Honam high-speed line in 2008. In a rated move, the following amendment(article 2 of railway construction rules) was completed in 2009. "Design speed refers to the speed limit that serves as a criterion when designing the track.
With the change in definition of design speed, the maximum operation speed of Gyeongbu and Honam highspeed line according to the wave propagation velocity( ) was reinterpreted based on the international standards of EN and UIC CODE as shown in Table 3 .
reinterpretation of design speed in Gyeongbu highspeed line
The design speed of 350 km/h was applied to high-speed line at the beginning. However, according to the change in definition of design speed and international standards of , operation speed for stable operation of the train was determined to be 70% of . From the results of the calculation as shown in Table 4 , 308 km/h was selected as the maximum operation speed(design speed) of Gyeongbu high-speed line.
reinterpretation of design speed in Honam highspeed line
The design speed of 350 km/h was also applied to Honam high-speed line at the beginning as shown in Table 1 . As above, 70% of wave propagation velocity of Honam highspeed line was determined to be suitable. From the results of the calculation as shown in Table 5 , 350 km/h was selected as the maximum operation speed of Honam high-speed line. 
Plans for speed increase of Gyeongbu high-speed line
For improvement of speed increase of Gyeongbu highspeed line, the life of catenary, wear amount of catenary and compatibility, wave propagation velocity by speed increase (308 km/h, 310 km/h, 320 km/h) was calculated 2.3.1 Review of tension and life by speed increase First, the maximum operation speed of the train was set to 308 km/h, 310 km/h and 320 km/h, and then tension which is appropriate to the speed was calculated by figuring out the required wave propagation velocity as shown in Table 6 .
Second, since catenary(Cu 150 mm 2 ) takes the form of polygon, not circle, it is difficult to calculate cross-sectional area and residual diameter. Accordingly, the remaining cross-sectional area was calculated with standard tension set, and the residual diameter was calculated using a CAD Program as shown in Table 7 .
Lastly, Table 9 shows the life of catenary which was predicted based on the wear rate measurement during 4 years of use after the opening of Gyeongbu high-speed line in 2004 as shown in Table 8 . However, the actual life of catenary replacement may vary depending on the type of train operation in case of the life of catenary in this section.
Review results and improvement plans by speed increase
From the review results as shown in Table 10 , 308 km/h was selected as the maximum operation speed(design speed) for Gyeongbu high-speed line, and 350 km/h for Honam high-speed line respectively.
Since 308 km/h is the current maximum operation speed of Gyeongbu high-speed line, it doesn't require improve- Table 11 . In case of speed increase to 310 km/h, a similarity exists between the life of existing catenary and wave propagation velocity, but there is a need for tension adjustment, improved tensioning device, dropper adjustment and adjustment of other ancillary equipment.
In case of speed increase to 320 km/h, the life of catenary is less than 10 years, which is disadvantage in terms of maintenance, and excessive expenditure of maintenance costs due to the reduced life is expected.
In this context, in case of speed increase up to more than 320 km/h, it would be appropriate to make improvements through Honam high-speed line system which is under construction after its development by "A study on the technology development for 350 km/h-grade catenary system".
Economic analysis of catenary field by speed increase
An analysis on economic efficiency of system improvements in catenary field according to the distance of highspeed line in case of speed increase by 308 km/h, 310 km/ h and 320 km/h was conducted based on the construction unit cost standards of the Korea Rail Network Authority and construction costs of catenary in Gyeongbu highspeed line as shown in Table 12 .
As its results, it was found that economic efficiency is low due to the construction costs of the improvements of existing systems. It is expected that in the case of 310 km/h, improvement can be achieved by partial adjustment of the power supply-off time for the existing operation lines, but overall improvement according to the speed increase up to more than 320 km/h will lead to disadvantageous results due to the increase in construction costs and hindrance of railway operation.
Conclusion
This study proposed improvement plans for catenary systems by investigating the possibility of improvements through performance analysis of catenary equipment by speed increase based on the analysis on catenary systems of Gyeongbu high-speed line, and analyzed the applicability of catenary improvements and economic efficiency.
First, the maximum operation speed of Gyeongbu highspeed line was determined to be 308 km/h according to the change in definition of design and international standards of wave propagation velocity.
Second, concerns about material supply of tension weight due to an increase in tension are raised in case of speed increase to 310 km/h, but facility improvement can be made. However, since an increase in tension of the catenary is inevitable in case of the speed increase, and separation ratio and contact force of the catenary due to the increase in tension cannot be verified, a verification through a current-collection performance simulation is required. In case of the catenary Cu 150 mm 2 , a verification need to be conducted through empirical experiments since there exist no operation results in more than 20 KN. In addition, the prediction of life may lead to flexible outcomes due to the lack of accurate data. Third, the life of catenary was estimated to be less than 10 years in case of speed increase to 320 km/h, which indicates that improvements by as increase in tension of the existing systems are not valid in terms of economy and maintenance, and the overall improvement of catenary was found to be disadvantageous due to the increase in construction costs and hindrance of railway operation.
Fourth, it would be appropriate to make improvements through Honam high-speed line systems of 350 km/hgrade in case of speed increase up to more than 350 km/h.
Thus, in the case of speed increase of Gyeongbu highspeed line, the effects of speed increase due to the improvement of catenary system can be anticipated, but an analysis shows that there are practical difficulties in the overall improvement of systems and the final determination of improvement plans through a validation study of ancillary systems. In addition, since the train load increases in case of the high-speed operation of trains, there is a need to review the adequacy of the transformer capacity and voltage drop through a power flow simulation on the basis of the train operation plans.
